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( : $r_{2}$ ) 2 ( : $r_{2}-\delta r$) ( : $r_{1}$ ) $\Omega$
( 1). , 2 $\delta r$
. 2 ,
. $r_{2}\Omega$ $d\equiv r_{2}-r_{1}$
,
$Re\equiv r_{2}\Omega d/\nu$ . $s$ $d$ $\ell/d$ $\Gamma$
, $\eta=r_{1}/r_{2}$ $\eta=0.5$ .
$r=(r, \theta, z)$ , $u=(u, v,w)$
$P$ , ,
$\frac{1}{\xi}\frac{\partial(\xi_{\beta}u)}{\partial\xi}+\frac{1}{\xi_{\beta}}\frac{\partial v}{\partial\theta}+\frac{\partial w}{\partial z}=0$ , (1)
$\frac{\partial u}{\partial t}+\frac{1}{\xi_{\beta}}\frac{\partial(\xi_{\beta}uu)}{\partial\xi}+\frac{1}{\xi_{\beta}}\frac{\partial(vu)}{\partial\theta}+\frac{\partial(wu)}{\partial z}-\frac{v^{2}}{\xi_{\beta}}=-\frac{\partial p}{\partial\xi}+\frac{1}{Re}(\tilde{\nabla}^{2}u-.\frac{2}{\xi_{\beta}^{2}}\frac{\partial v}{\partial\theta})$, (2)
$\frac{\partial v}{\partial t}+\frac{1}{\xi_{\beta}}\frac{\partial(\xi_{\beta}uv)}{\partial\xi}+\frac{1}{\xi_{\beta}}\frac{\partial(vv)}{\partial\theta}+\frac{\partial(wv)}{\partial z}+\frac{uv}{\xi_{\beta}}=-\frac{1}{\xi_{\beta}}\frac{\partial p}{\partial\theta}+\frac{1}{Re}(\tilde{\nabla}^{2}v+\frac{2}{\xi_{\beta}^{2}}\frac{\partial u}{\partial\theta})$ , (3)
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$\frac{\partial w}{\partial t}+\frac{1}{\xi_{\beta}}\frac{\partial(\xi_{\beta}uw)}{\partial\xi}+\frac{1}{\xi_{\beta}}\frac{\partial(vw)}{\partial\theta}+\frac{\partial(ww)}{\partial z}=-\frac{\partial p}{\partial z}+\frac{1}{Re}\nabla^{2}w$ , (4)
$\nabla^{2}=\frac{\partial^{2}}{\partial\xi^{2}}+\frac{1}{\xi_{\beta}}\frac{\partial}{\partial\xi}+\frac{1}{\xi_{\beta}^{2}}\frac{\partial^{2}}{\partial\theta^{2}}+\frac{\partial^{2}}{\partial z^{2}}$, $\tilde{\nabla}^{2}=\nabla^{2}-\frac{1}{\xi_{\beta}^{2}}$
. , $\xi=(r-r_{1})/d,$ $\xi_{\beta}=\xi+r_{1}/d$ .
, $(\xi=0)$ $u=w=0,$ $v=\eta$ ,
$(\xi=1)$ $u=w=0,$ $v=0$ . 2 $(z=0, \Gamma)$ , $u=w=0$,
$v=\eta+\xi(1-\eta)$ .
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$(\overline{u},\overline{p})$ , $\overline{u}$ $\overline{v}$ $\overline{P}$ 2
, , $\overline{w}$ .
, , (1) $-(4)$
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$u’=\tilde{u}_{k}e^{ik\theta}$ , $p’=p_{k}e^{ik\theta}\sim$ (5)
. , $k$ . $u=\overline{u}+u^{l}$
$p=\overline{P}+p’$ (1) $-(4)$ , ,
.
$\tilde{u}_{k}=0$ .
. $k$ , $E_{k}’$
. $E_{k}’$ $\lambda_{k}$ ,
$E_{k}’= \frac{1}{2}|\tilde{u}_{k}|^{2}=E_{k0}’\exp(\lambda_{k}t)$ (6)
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$t$ ( ) . $\lambda_{k}<0$
$\tilde{u}_{k}$ , $\lambda_{k}>0$ .
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, $rz$ 5 .
$SOR$($Succs\alpha siveOver$ Relaxation) .
, $N_{f}\cross N_{\theta}\cross N_{z}=96\cross 96\cross 96$ ,




. 2 , SOR .
, $rz$ 2 $N_{r}\cross N_{z}=100\cross 100$
, $\Delta t=1.0x10^{-3}$ ,
$\Delta t=5.0\cross 10^{-4}$ .
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$E_{k}= \int\int|u_{k}|^{2}rdrdz$ , (7)
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4: . $\Gamma=0.4$ . $Re=1500$ . $(a)-(c)$ 2(a) [a-c]
. (a) $\theta=0$ . (b) $\pi/7$ . (c) $2\pi/7$ .
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6: . $\Gamma=0.4$ . $Re=2500$ . $z=\Gamma/4$ . (a) $u$ . (b)
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$8(b)$ , Herrero et al.[5] . ,
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( 1 2 ),
$\Gamma_{c}\sim 0.28$
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10: . $\Gamma=0.4$ . $Re=$ 1200. (a) ( $u=$
$|0.1 \max[u]|)$ . (b) ( $v=0.5 \max[v]$ ). $(c)$ ( $w=|0.1 \max[w]|$ ).
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